INTRODUCTION {#s1}
============

Liver cirrhosis is a significant source of mortality and morbidity in the United States ([@R1],[@R2]). The societal burden is likely to increase in the next 10--20 years due to an increasing prevalence of alcoholic liver disease, nonalcoholic fatty liver disease, and hepatocellular cancer ([@R1],[@R3],[@R4]). Patients with cirrhosis have more hospitalizations, longer stays, more readmissions, and poorer outcomes when compared with patients with other chronic diseases such as congestive heart failure and chronic obstructive pulmonary disease ([@R5]). Cirrhosis can also affect the outcome of non--liver-related comorbidities requiring hospitalizations ([@R6]). Several studies estimate the burden of chronic liver disease in the United States to be in the range of \$2.5 billion, with the indirect cost of \$10.6 billion ([@R7]--[@R9]). However, expensive medications that have altered the treatment regimens for patients with cirrhosis have been launched over the past few years ([@R10]), thus requiring us to reassess the burden of cirrhosis and the drivers for the costs. Therefore, our study aims to estimate the costs of hospitalizations in patients with cirrhosis using a recent national database and assess the drivers for such costs among patients with decompensated cirrhosis (DC) and compensated cirrhosis (CC).

METHODS {#s2}
=======

Data source {#s2-1}
-----------

The National Inpatient Sample (NIS) database is the largest all-payer inpatient database within the United States. The database includes information on more than 7 million hospital stays each year, with discharge weights to help produce national estimates. In 2015, the sampling frame for NIS included more than 96% of discharges from US community hospitals ([@R11]).

Inclusion criteria {#s2-2}
------------------

Admission records between 2008 and 2014 for all patients aged ≥18 years were included in the study. Two previous studies using the NIS have used inclusion criteria restricting the primary diagnosis to cirrhosis, portal hypertension (PHTN), or complication of PHTN ([@R12],[@R13]). However, this may not capture all patients admitted with cirrhosis such as those primarily admitted for an infection or acute kidney injury which is now considered an important complication of cirrhosis. Thus, we considered both primary and secondary diagnosis to identify admission records for patients with cirrhosis. Primary and secondary diagnoses are coded in the NIS using the *International Classification of Diseases, Ninth Revision, Clinical Modification* (*ICD-9-CM*) diagnostic and procedural codes for all years included in this study. Admissions were separated into 3 mutually exclusive groups for all analyses.

DC group included admissions with a primary or secondary diagnosis of cirrhosis (*ICD-9* codes 571.2, 571.5, 571.6) along with complications (PHTN \[572.3\], ascites \[789.59\], hepatic encephalopathy \[572.2\], upper gastrointestinal \[GI\] bleed \[456.0, 456.20, 578.0, 578.1, 578.9\], and hepatorenal syndrome \[572.4\]).

CC group included individuals with a primary or secondary diagnosis of cirrhosis but without any of the portal hypertensive complications used to define the DC group. The remaining admissions were included in a third group, "NIS without cirrhosis" and included all admissions without a cirrhosis-related *ICD-9* code. The reason for admission, etiology, and complications of liver disease were extracted from the *ICD-9* codes used for the primary and secondary diagnoses (see Appendix A and B, Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>). Comorbidities were assessed both as a dichotomous variable (present or not) and using Elixhauser Comorbidity Index to understand their contribution to costs and length of stay (LOS) ([@R14]).

Statistical analysis {#s2-3}
--------------------

Economic burden of hospitalizations was assessed using descriptive statistics. Continuous variables were assessed as weighted median with interquartile range (IQR), and categorical variables were reported using weighted proportions. Cost-to-charge ratio files published by the Healthcare Utilization Project were used to calculate the costs from the charges provided in the NIS database. Each file contains hospital-specific cost-to-charge ratios based on all-payer inpatient costs for nearly every hospital in the NIS. Cost information was obtained from the hospital accounting reports collected by the Centers for Medicare & Medicaid Services. All costs are reported using 2014 average inflation-adjusted dollars.

Multivariable regression was used to assess the association of each of the outcomes with patient demographics, comorbidities, and hospital characteristics. For the outcomes inpatient mortality, LOS, and cost, we used logistic, negative binomial and inverse Gaussian regression, respectively. Each model was analyzed separately for the DC group and the CC group. In the regression analysis, specific comorbidities were grouped together as comorbidity classes to assess their association with the outcomes (see Appendix C, Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>). All data management and analysis were conducted using SAS statistical software (version 9.4; SAS Institute Inc), R Core Team (2016), and Microsoft Excel ([@R15],[@R16]).

RESULTS {#s3}
=======

In 2014, the total number of weighted admissions for cirrhosis was 570,730 or 1.92% of all admissions (Table [1](#T1){ref-type="table"}). The total number of admissions for patients with cirrhosis increased 30.8% from 2008 to 2014, whereas the total number of admissions for other NIS patients decreased 7.7% during the same period. Of the 2014 cirrhosis admissions, 58.6% had a portal hypertensive complication (DC). Mean in-hospital mortality in the DC group was higher during the study period at 6.7% when compared with that in the CC group (3.4%) and other NIS admissions (2.1%). The median LOS was also longer for the DC group (4 days) and CC group (4 days) compared with other NIS admissions (3 days; Table [1](#T1){ref-type="table"}). Similar trends were seen when admissions related to pregnancy (10.1% of all non-cirrhosis NIS admissions) were excluded (see Appendix D, Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>). Patient demographics and hospital characteristics by the group for the study period are listed in Table [2](#T2){ref-type="table"}. In the DC group, the average patient was 58 years old, male (62.5%), and white (60.6%), compared with the average patient in the NIS without cirrhosis group who was 57 years old, female (59.8%), and white (61.7%). Most of the admissions in the cirrhosis groups were for patients in the 45--64 age category (61.4% and 58.7% for DC and CC groups, respectively) compared with more even age distribution in admissions for patients without cirrhosis. Among minorities, Hispanics constituted a larger portion of the DC and CC group, whereas blacks were a higher proportion of the non-cirrhotic admissions. Those in the DC and CC groups were more likely to live in zip codes in the lowest median income quartile and in urban settings compared with the non-cirrhosis group (Table [2](#T2){ref-type="table"}; see Appendix E, Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>). The reason for admission in the cirrhosis groups was largely related to liver disease in the DC group (53.8%), followed by GI causes (10.7%) and infections (7.2%) (Figure [1](#F1){ref-type="fig"}a; see Appendix B, Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>). In comparison, the top 3 causes of admission in the CC group were infections (15%), liver disease (12.2%), and GI causes (11.5%) (Figure [1](#F1){ref-type="fig"}a; see Appendix B, Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>). There was a significantly higher burden of cirrhosis due to alcohol without concomitant hepatitis C in those with DC compared with those with CC (39% vs 27%). More than 50% of the admissions in the DC group constituted those with alcoholic liver disease with or without hepatitis C. Of note, nonalcoholic steatohepatitis (NASH) is not specifically accounted for due to lack of an associated *ICD-9* code throughout the study period (see Appendix A, Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>).

###### 

Specific outcome measures by group
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Demographics of patients admitted between 2008 and 2014^a^
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![Primary diagnosis for admission by group reveals distinct reasons for admission between those with (a) decompensated cirrhosis, and (b) compensated cirrhosis. Analysis done on admissions from 2008 to 2011 on primary diagnosis codes with prevalence of ≥0.1%.](ct9-10-e00062-g003){#F1}

Appendix C (see Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>) lists the weighted proportion of admissions, with each of the comorbidities across the 3 groups. Fluid and electrolyte disorders were among the top 3 comorbidities in all 3 groups. Although hypertension was the most common comorbidity among non-cirrhotic admissions, it ranked second among CC admissions (49.9%) and fourth among DC admissions (38.6%). When summarized as Elixhauser Index, 20.8% of the NIS population without cirrhosis had an Elixhauser Index of 0, whereas only 1% of DC admissions and 0.5% of CC admissions had a 0 index (Figure [1](#F1){ref-type="fig"}b). Furthermore, most admissions in the cirrhosis groups had an Elixhauser Comorbidity Index of 3 or greater (79.2% in DC group vs 83.6% in CC group vs 39.6% in non-cirrhotic group).

Drivers of cost in cirrhosis admissions {#s3-1}
---------------------------------------

The total annual cost of hospitalization in patients with cirrhosis was \$7.37 billion in 2014, with \$4.57 billion for the DC group and \$2.80 billion for the CC group (Table [1](#T1){ref-type="table"}). Patients with cirrhosis contributed to 2.16% of the total hospitalization costs incurred by the NIS sample in 2014. The median cost of hospitalization in 2014 for patients with DC was \$8,596 (IQR: \$9,633), whereas it was \$7,738 (IQR: \$8,998) for patients with CC and \$7,141 (IQR: \$9,137) for other NIS patients. Over the study period, hospitalization costs for cirrhosis admissions increased 30.2% compared with 3.98% increase for non-cirrhotic NIS admissions. The costs for the DC group increased 33.4% and that for the CC group increased 25.3% (Table [1](#T1){ref-type="table"}; see Appendix D, Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>). In the regression model, all procedures were associated with significant cost increases (Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). The top 3 procedures associated with the highest cost increase were mechanical ventilation, non--red blood cell (RBC) transfusions, and hemodialysis. However, these procedures were also associated with higher odds for mortality in both DC and CC groups. The odds ratio (OR) for mortality for mechanical ventilation in DC admissions is 14.85, whereas for CC admissions it is 27.69 (Table [3](#T3){ref-type="table"}). Hemodialysis was also associated with higher mortality odds (1.57 in the DC group and 1.73 in the CC group) and 41.6% and 25.4% increase in the costs per admission for DC and CC, respectively. Fluid removal (defined by paracentesis and/or thoracentesis) (see Appendix A, Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>), while costly (15.63% increase in cost), was the most common procedure in the DC group and was associated with lower mortality odds (OR: 0.70). The other procedures included in the study (RBC transfusion and varices treatment) were also associated with lower OR for mortality and higher costs for both DC and CC admissions (Table [3](#T3){ref-type="table"}; see Appendix A, see Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>). All complications of cirrhosis resulted in significant cost increases in the DC group. Based on the regression analysis, renal-related complications (hepatorenal syndrome and acute renal injury) were associated with the maximum increase in the odds for mortality and costs in the DC group. This was followed by infection (28.0% increase in the costs) and liver cancer (23.3% increase in the costs; Table [3](#T3){ref-type="table"}). Notably, in the CC group, 34.7% of the admissions had 1 or more of the nonportal hypertensive complications such as infection (20.2%), renal injury (12.5%), nonportal hypertensive GI bleed (7.53%) but contributed to 45% of the costs for total CC admissions. The total cost of hospitalizations for admissions with nonportal hypertensive complications in the CC group increased by 42.6% to \$1.3 billion over the study period, whereas the costs for CC hospitalizations without these complications increased only by 14% to \$1.5 billion for the same period. In both DC and CC groups, none of the comorbidity classes were in the top 5 variables associated with increased odds for mortality or percentage increase in LOS and costs. Renal and fluid disorders and heart conditions were associated with the most increase in costs in the DC group (9.98% and 9.54%, respectively).
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Results of the regression analysis
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###### 

Mean LOS and mean cost of hospitalization for admissions with and without specific procedures and complications
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Drivers of LOS in cirrhosis admissions {#s3-2}
--------------------------------------

The median LOS for both DC and CC admissions was 4 days, whereas the IQR for DC admissions (5 days) was longer than that for CC admissions (4 days). In the regression model, all advanced procedures were associated with increased LOS in both DC and the CC groups (Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). In the DC group, mechanical ventilation and hemodialysis were associated with the highest increase among procedures in the LOS (52.2% and 33.6% longer LOS, respectively). Similarly, all procedures were associated with higher LOS in the CC group, with mechanical ventilation being associated with the highest increase (69.5% increase in the LOS). Based on the regression model, all complications, except for non-PHTN GI bleed and varices with bleeding, were associated with an increase in the LOS in the DC group. Infection and hepatic encephalopathy were associated with the maximum increase in the LOS in the DC group (41.1% and 22.9% increased LOS, respectively). In the CC group, all nonportal hypertensive complications were associated with increased LOS, with infection ranking the highest (36.3% increase). Admissions through hospital transfers were also associated with a significant increase in the LOS in both CC and DC groups (41.6% and 17.5% increase in the LOS, respectively).

DISCUSSION {#s4}
==========

Our study found that the economic burden of hospitalized patients with cirrhosis is increasing with more admissions and longer LOS in the DC and CC groups. Procedures and PHTN and non-PHTN complications were the key drivers for such burden in both patients with CC and DC. From 2008 to 2014, our study found 31% increase in the prevalence of all cirrhosis-related hospitalizations in comparison with 8% reduction in the prevalence of non--cirrhosis-related admissions.

Although there was no predominant primary diagnosis for CC admissions, the top 3 diagnoses were infection, liver disease, and GI-related diagnoses. Figure [1](#F1){ref-type="fig"}a highlights the variety of reasons patients with cirrhosis are admitted. The drivers of cost in the CC population included procedures such as mechanical ventilation and hemodialysis and nonportal hypertensive complications such as infection, nonportal hypertensive GI bleeding, and acute renal failure. Despite our effort to carefully define the CC group by excluding any *ICD-9* codes related to known cirrhosis complications, the high prevalence of renal failure and infection during the compensated phase of cirrhosis requires further investigation because these may be early indicators of future healthcare utilization (HCU).

These trends in the CC group do not discount the significant contribution of DC on healthcare costs. Those with DC experienced even higher increases in the number of hospitalizations than those with CC, 35.89% vs 24.22%. As with the CC group, the rise in hospitalizations for the DC group contributes to a 33.4% increase in the total healthcare costs. These significant increases are put into context when we compare with those without cirrhosis for whom hospitalization costs increased by only 3.98% during the same period. In both CC and DC groups, our analysis also highlights the burden of cirrhosis-related inpatient care on individuals at the prime of their life, with about two-thirds of admissions in both groups occurring in those aged 45--64 years compared with only one-third of admissions in the NIS without cirrhosis cohort. In addition, our data describe a higher burden in those at the lowest quartile of income in these groups. Furthermore, alcohol-related cirrhosis is disproportionately represented in the DC group compared with the CC group, highlighting the changing landscape of chronic liver disease ([@R17]). Programs and interventions that allow for earlier diagnosis in this group stand to significantly affect HCU in the cirrhosis population. In addition to such interventions, our results highlight the role of teaching hospitals in the care of cirrhosis population. As with previous literature, we show lower mortality rates in both DC and CC groups despite higher costs and LOS ([@R12]). This association may be explained by access to specialists and transplantation, although those undergoing transplant remain the extreme minority (\<0.001% in the DC group) (Table [3](#T3){ref-type="table"}; see Appendix A, Supplementary Digital Content 1, <http://links.lww.com/CTG/A67>). Beyond the primary diagnoses, our data also highlight the role of chronic comorbid conditions in those with cirrhosis. Whereas there was not a predominant comorbid condition, almost all admissions in the CC group had at least 1 comorbidity and 83.6% had more than 3 comorbidities. Furthermore, 8.2% of all CC admissions carried a primary diagnosis of cardiovascular disease. These data support the hypothesis that whereas individual comorbid conditions may not be a significant driver of HCU, specific combinations of comorbidities may differentially affect the HCU ([@R18]). Models of care used to manage patients with cirrhosis who are the most costly and at highest risk of dying need to keep comorbid conditions in mind. An important trend we noted is lower odds of mortality with certain prevalent comorbid conditions such as type II diabetes mellitus and hypertension. We are not the only study to notice this trend ([@R19]--[@R21]). It is clinically more plausible that during data abstraction of complex hospitalizations, comorbid conditions are undercoded when only the first 15 diagnoses are included. Other hypotheses include the association of these comorbidities with the causes of cirrhosis such as NASH which may provide to have different drivers of cost, LOS, and inpatient mortality than seen in alcohol- or hepatitis C-related cirrhosis.

The trends noted in our study may help inform future interventions aimed at improving the cost effectiveness of therapies provided to patients with end-stage liver disease. For example, we find that for patients with cirrhosis, not only did procedures raise the cost significantly as expected but some of these procedures were also associated with the highest odds of mortality. Here, a comparison can be made between the procedures. Although both mechanical ventilation and fluid removal are considered lifesaving but costly procedures, mechanical ventilation increased the odds of inpatient death by 14.85 in the DC group, whereas fluid removal was associated with lower odds of mortality. Despite the high mortality and costs associated with mechanical ventilation, it is used near twice as more often in patients with DC compared with all other admissions. These data indicate that interventions at the individual level through improved goal setting during critical illness are key to controlling healthcare costs. At the hospital level, quality measures that can trigger interventions for those at risk for respiratory failure would affect a high-risk group of patients with cirrhosis ([@R22]--[@R24]). Conversely, individuals with cirrhosis in need of fluid removal via procedures such as dialysis, thoracentesis, and paracentesis should receive these procedures without delay ([@R25]). This is also true of patients with cirrhosis who present with GI bleeding. These patients often require endoscopy and blood transfusion for management. Because these costly procedures are associated with lower mortality, making quality improvement projects that identify this cohort early and set up processes to allow the procedures to occur efficiently are key to further improving outcomes. In the case of non-RBC transfusions, an example would be the use of thromboelastography which may curtail the number of transfusions and reduce transfusion-related complications without adverse effects on patient outcomes ([@R26]).

Our study provides an all-payer perspective on drivers of inpatient HCU for cirrhosis-related admission. These national-level data were specifically created to represent national estimates of HCU. Combined with our broad inclusion of cirrhosis admissions through the analysis of secondary *ICD-9* codes and creation of DC and CC cohorts through validated definitions, our study uniquely defines the trends and drivers of inpatient HCU for end-stage liver disease. With HCU increasing for patients with cirrhosis much faster than for other NIS patients, our analysis provides data to guide future healthcare delivery research targeted at improving HCU in cirrhosis population.

We acknowledge several limitations to our study. The NIS lacks traditional methods to stage liver disease such as Model for End-Stage Liver Disease-Sodium score or Child Pugh score. In addition, although the use of discharge codes has been validated to identify groups of patients with cirrhosis in the compensated and decompensated stages, only the first 15 diagnostic codes are captured in this dataset. Therefore, assessments of other drivers of poor outcomes in advanced cirrhosis such as frailty may not be coded and underrepresented in this analysis ([@R27],[@R28]). Future studies using pharmacy data that are not available in the NIS may also improve our understanding of the drivers of HCU in end-stage liver disease. Finally, the lack of longitudinal data only allows for comments on associations between exposure variables analyzed and outcomes. Futures studies using cohorts with multiple data points over time may allow for inferences on the association between our proposed exposure variables and HCU. Despite these limitations, our findings have important implications. Our data provide key national estimates of inpatient mortality and healthcare use in both DC and CC, define trends in the healthcare burden of hospitalized patients with cirrhosis, and identify drivers of inpatient mortality, LOS, and costs in this vulnerable population.

Interventions that allow more efficient use of procedures in patients with cirrhosis are likely to yield significant reductions in inefficient healthcare use. Future studies that better align healthcare delivery for the prevention and management of infection and renal failure in those with CC will similarly have a significant impact on healthcare use by those with chronic liver disease. In addition, studies looking at the impact of comorbid conditions on future healthcare use by cirrhosis population may improve our ability to deliver more tailored and efficient care.
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